This study aims to identify special metabolites in polar extracts from Urochloa humidicola (synonym Brachiaria humidicola) that have allelopathic effects and induce secondary photosensitization in ruminants. The compounds were isolated and identified via chromatographic and spectroscopic techniques. The compounds 4-hydroxy-3-methoxy-benzoic acid, trans-4-hydroxycinnamic acid, and p-hydroxy-benzoic acid; the flavonols isorhamnetin-3-O-β-d-glucopyranoside and methyl quercetin-3-O-β-d-glucuronate; and kaempferitrin, quercetin-3-O-α-l-rhamnopyranoside, and tricin were identified in the extract from the leaves of Urochloa humidicola. Two furostanic saponins, namely, dioscin and 3-O-α-l-rhamnopyranosyl-(1-4)-[α-l-rhamnopyranosyl-(1-2)]-β-d-glucopyranosyl-penogenin, as well as catechin-7-O-β-dglucopyranoside were identified in the methanolic extract obtained from the roots of this plant. This species features a range of metabolites that may be toxic for animals if used in food and may interfere with the growth medium, thereby inhibiting the development of other species.
The Urochloa genus belongs to the Poaceae family, Paniceae tribe, also known as Brachiaria (Morrone and Zuloaga 1992, Veldkamp 1996) . The species of this genus have adapted to different soil types (Lapointe 1993) and are used as dead matter for protecting the agricultural soil system. Among Urochloa species, U. decumbens, U. brizantha, and U. humidicola are the most frequently used as animal feed in Brazil.
The frequent use of these species in animal production need a detailed understanding of their potential dangers. In particular, their secondary metabolites include compounds that adversely affect animal health, such as photosensitization in ruminants and horses (Tokarnia et al. 2012 ). These problems are attributed to the steroidal saponins synthesized by fodder, especially protodioscin (25-R and 25-S) (Brum et al. 2009 ). An antinutritional effect has also been reported, which is attributed to the reduction in food intake and digestibility of animals due to the presence of metabolites such as terpenoids and flavonoids (Silva et al. 2012) .
In terms of allelopathic effects, these species also have adverse effects on cropping systems; for example, the cinnamic acid derivative metabolized by Brachiaria species inhibits seed germination in Euphorbia heterophylla and Bidens pilosa (Oliveira et al. 2014 ). However, there may be both negative as well as positive allelopathic effects of different species depending upon crops consortiums. In this context, Rodrigues et al. (2012) cited negative allelopathic effects of the extracts from U. brizantha and U. decumbens on the seed germination of Stylosanthes guianensis and of U. decumbens on the germination of Stylosanthes capitata; they also reported a positive allelopathic effect of U. brizantha on the seeds of Stylosanthes macrocephala. The exudates of U. humidicola roots inhibit nitrification by Nitrosomonas europaea bacteria because of the action of two compounds identified in a phytochemical study of this exudate: p-coumaric and ferulic acids. These acids can permeate the cell membrane of these bacteria and inhibit the action of enzymes responsible for their nitrification (Gopalakrishnan et al. 2007 , Subbarao et al. 2006 . To the best of our knowledge, no study has investigated the isolation and identification of metabolites in the extracts from U. humidicola.
Terpenoids and flavonoids in fodder are known to have qualitative effects, such as antinutritional effects resulting from a reduction in consumption and digestibility (Silva et al. 2012) . However, flavonoids such as tricin, quercetin-3-O-α-l-rhamnoside, and isorhamnetin 3-O-β-dglucoside are cited as beneficial, as they have antiinflammatory and antioxidant activities (Luyenn et al. 2014 , 2015 , Riethmüller et al. 2015 , Kim et al. 2009 ) as well as antifungal activity, which are associated with increased feed efficiency (Aderogba et al. 2013) . The saponin dioscin has also been reported to promote beneficial effects, particularly against liver fibrosis (Zhang et al. 2015) , beyond its anti-inflammatory (Wu et al. 2015) , antitumoral (Kaskiw et al. 2009), and antioxidant (Gao et al. 2012) activities. Additionally, Jayanegara et al. (2014) reported beneficial effects of secondary plant metabolites, particularly in the case of saponins in livestock systems due to the reduction of ruminal methane, which increases animal productivity and provides environmental benefits. These benefits have been yet not explored in animal production, nor has the possibility that metabolites other than cinnamic acid derivatives or a combination of other compounds are responsible for the allelopathic activities. To address this gap, this manuscript presents the first phytochemical study of the extracts from this plant, entailing the isolation of the metabolites in the leaves and roots of U. humidicola, to clarify the possible positive and negative effects of its use in animal feed and crop production. The botanical material was dried at room temperature without exposure to sunlight. The 2.1 kg of leaves and 1.81 kg of roots obtained were then ground separately in a hammer mill at the Laboratory of Animal Nutrition Science, Animal Science Institute, UFRRJ. The milled material was subjected to extraction by maceration using hexane, methanol, and methanol/water (8:2) as solvents. The extractions were performed thoroughly at 7-day intervals, and each solution was concentrated on a rotary evaporator under vacuum. This process yielded six extracts: hexane leaves (UHFH), methanol leaves (UHFM), methanol: water leaves (UHFMH 2 O), hexane roots (UHRH), methanol roots (UHRM), and methanol: water roots (UHRMH 2 O). The hydromethanolic and methanolic extracts were solubilized in methanol: water (8:2) subjected to liquid-liquid partitioning by organic solvents of increasing polarity: hexane, dichloromethane, ethyl acetate, and butanol. The ethyl acetate fractions obtained from the methanol (UHFM-Ac) and hydromethanolic (UHFMH 2 OAc) extract from the leaves and the methanol (UHRM-Ac) extracts from the roots were selected for chromatographic fractionation. First, 6.079 g of UHFMH 2 O-Ac was subjected to chromatographic fractionation on 70-230 mesh silica gel (224.00 g) using dichloromethane, ethyl acetate, and methanol as the mobile phase, in a gradient of increasing polarity. In total, 320 fraction of 100 ml were collected. The fractions were pooled according to their thinlayer chromatography (TLC) profiles. The group containing fractions 51-56 (0.1342 g), which were obtained with dichloromethane:ethyl acetate (8:2) as the mobile phase, was analyzed by 13 C and 1 H NMR and GC-MS. These analyses allowed the identification of 4-hydroxy-3-methoxy-benzoic acid (1), trans-4-hydroxycinnamic acid (2), and 4-hydroxy-benzoic acid (3). The group containing fractions 80-86 (0.1024 g), which were obtained with dichloromethane: ethyl acetate (6: 4), was purified on a silica gel column. The purified fractions were then analyzed by 13 C and 1 H NMR to identify isorhamnetin-3-O-β-d-glucopyranoside (4) and methyl-quercetin-3-O-β-d-glucuronate (5). The group containing fractions 133-136 (0.4668 g), which were obtained with ethyl acetate: methanol (8:2), were combined and chromatographed on a Sephadex LH-20 column with methanol elution. This process produced 34 fractions, and kaempferitrin (6) was obtained.
The ethyl acetate fraction UHFM-Ac (1.59 g) was chromatographed on 70-230 mesh silica gel column (54.50 g) with dichloromethane, ethyl acetate, and methanol elution in a gradient of increasing polarity. In total, 152 fractions of 25 ml were collected. Fractions were combined on the basis of TLC analysis. The group of fractions 22-26 (0.0821 g), obtained with ethyl acetate as eluent, was eluted on Sephadex LH-20 column using methanol as eluent. The analysis
of the fractions led to the identification of tricin (8). Fractions 97-99 (0.1240 g), obtained with ethyl acetate and methanol (4:6), were subjected to additional chromatographic fractionation on a silica gel column, and the analysis of the fraction led to the identification of quercetin-3-O-α-lrhamnopyranoside (7). The fraction UHRM-Ac (5.74 g) was subjected to fractionation on 70-230 mesh silica gel column (190.00 g) by elution with ethyl acetate and methanol in a gradient of increasing polarity. In total, 227 fractions of 100 ml were collected. The fractions were pooled according to their chromatographic profiles observed by TLC analysis. The group of fractions 120-124 (0.3082 g), obtained with ethyl acetate: methanol (6:4), was subjected to fractionation by HPLC. This chromatographic fractionations were composed of water as solvent (A) and acetonitrile as solvent (B) in a 4:6 ratio. The mobile phase was filtered before use and delivered isocratically at a flow rate of 4 ml min -1 . The analysis was conducted at room temperature using a Phenomenex C18 semipreparative column (250 mm × 10 mm i.d., 5 µm), and the analytes were monitored at 205 nm. In addition to some unidentified components, saponins represented by peaks at 3.084 and 5.801 min were isolated, analyzed by 1 H and 13 C NMR and HRMS, and identified as the steroidal saponins dioscin (9) and 3-O-α-l-rhamnopyranosyl (1-4)-[α-lrhamnopyranosyl-(1-2)]-β-d-glucopyranosides penogenin (10), respectively. The group of fractions 129-133 (0.5340 g), eluted with ethyl acetate and methanol (6:4), was subjected to fractionation on a Sephadex LH-20 column using methanol as the eluent. This fractionation produced 47 fractions, among which fractions 36-40 (0.0197 g) were recombined and filtered on (230-400 mesh) flash silica column using ethyl acetate:methanol (8:2) as the eluent. The NMR analysis of fractions 1-3 (0.025 g) then enabled the identification of catechin-7-O-β-d-glucopyranoside (11).
reSultS aND DiScuSSioN
The identification of compounds 1, 2, and 3 ( Figure  1 (2), para-substituted aromatic rings in 2 and 3, and an ABC system in 1. The doublets at δ H 7.48, and 6.31 (J = 16 Hz), represent hydrogens 7 and 8, respectively, of compound 2. The singlet at δ H 7.52, and the doublets at δ H 6.80 (J = 8.5 Hz) of the hydrogens assigned to the 2, 6 and 3, 5 positions in compound 2; the signals at δ H 6.84 and 7.43 assigned to the hydrogens of the p-substituted aromatic ring of 3; and the remaining signals at δ H 7.78 (d, J = 8.5Hz), 7.43 (s), and 6.82 (d, J = 8.5 Hz) represent the hydrogens of the aromatic ring of compound 1. Analysis of the 13 C-NMR and two-dimensional (HSQC and HMBC) spectra and comparison with the literature data confirmed the proposed structures of 4-hydroxy-3-methoxy-benzoic acid for 1 (Pouchert and Behnke 1993a) , trans-4-hydroxycinnamic acid for 2 (Wang et al. 2011) , and p-hydroxybenzoic acid for 3 (Pouchert and Behnke 1993b) . GC-MS analysis of the fraction containing these compounds confirmed the proposed structures and even the presence of a methoxyl group in 1. The location of two methoxyl groups and the sugar moieties were determined from the HMBC and nuclear Overhauser effect (NOE) spectra. These analyses allowed the location of the sugar unit at C-3 of each flavonoid, a methoxyl group at C-3′ of 4, and a methyl ester in the sugar moiety of 5. These assignments were confirmed by the absence of CH 2 -6″ and the connection of this group to a carboxyl group. C and 2D NMR spectra confirmed the proposed flavonoid skeleton. These analyses allowed the identification of the signals of two sugar moieties that were linked in each flavonol. Two doublets at δ H 5.59 (J = 7.25 Hz) and 5.49 (J = 7.25 Hz) were assigned to the hydrogens at the anomeric carbons of the β-d-glycopyranosyl unit. These proposed assignments were confirmed by additional signals observed in the HSQC spectrum. showed only five signals: one singlet integrating to two hydrogens at δ H 7.40, which was attributed to the H-2′,6′; two doublets at δ H 6.27 (d, J = 2.2 Hz) and 6.57 (d, J = 2.2 Hz) for the H-6 and H-8 of ring
A of a flavonoid; one singlet at δ H 3.98 integrating to six hydrogens related to two methoxyls; and a singlet at δ H 6.75, which was assigned to the H-3 of a flavonoid. The 2D NMR spectra allowed the location of the methoxyl at C-3′ and C-5′. These analyses and comparison with the literature led to the identification of compound 8 as tricin (Zielinska et al. 2008 ).
Compounds 9 and 10 ( Figure 1) were identified as the furostanic steroidal saponins. Both presented three carbohydrate units, glucose linked directly to C-3 of the aglycone and two rhamnoses linked to the glucose at C-2′ and C-4′. These saponins differ only in a hydroxyl group found at C-17 in compound The additional signals were compatible with a structure containing glucose, and HMBC analysis indicated that it is located at C-7. These analyses led to the identification of compound 11 (Figure 1 ) as catechin-7-O-β-d-glucopyranoside (Benavides et al. 2006 , Agrawal 1989 .
coNcluSioNS
Twelve substances, including flavonoids, have been reported in this species for the first time in this work. The saponin diosgenin, which was identified in the extracts from the roots of U. humidicola, has been isolated from the leaves U. decumbens, synonym Brachiaria decumbens (Pires et al. 2002) . This is the first identification of the steroidal saponinin penogenina the Urochloa genus.
The identification of p-coumaric acid and other benzoil acid derivatives is consistent with the literature witch reports that phenolic compounds, such as those present in U. humidicola, promote allelopathic action, and prevent pasture invasion plants in monoculture systems, independent of organic acids (Souza Filho et al. 2005, Kobayashi and Noguchi 2015) . However, for pasture system consortiums, the presence of these substances has disadvantages, as the resulting inefficiency of the systems hinders the establishment of different plant species (Rodrigues et al. 2012) . The identified constituents improve our understanding of the diversity of metabolites produced by these species. In the literature, metabolites responsible only for the photosensitization and/or allelopathic effects of Urochloa genus have been reported. In contrast, the saponins and flavonoids identified in this study have not been associated with these effects, which merit careful consideration. The identified flavonoids have biological activities and can therefore endow ruminants with beneficial functions, increasing their nutritional value. 
